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An environmental testing was conducted on 
polymeric nanocomposites fabricated by dispersing 
the carbon nanotubes (CNTs) into polymeric epoxy 
resins in order to determine their shelf life, reliability, 
stability, as well as other property changes as a 
function of temperature and humidity. In this study, 
various multi wall CNTs (~140 nm diameter and 
~7µm length) ranging from 0.5% to 2.0% were 
initially dispersed in ethanol using a magnetic stirrer, 
and then an epoxy resin was added to the mixtures 
under continuous stirring. When the solvent 
completely evaporated after 18 hours of stirring, a 
hardener was added to the dispersion. The mixtures 
were then poured into rectangular shape molds and 
cured for 48 hours at the room temperature and 
pressure. Furthermore, a few samples of plain epoxy 
without nanotubes were also cast for comparison 
purposes. Dog-bone specimens were tested on a 
tensile testing machine after different hours of 
degradation in an environmental chamber. The 
experimental results showed that the yield stress, 
ultimate tensile strength and modulus of elasticity 
gradually reduced over time, indicating that 
nanocomposites were highly dependent on the 
humidity and temperature conditions. The results 
provide a useful guideline for a variety of 
applications of the nanocomposites in the future. 
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 Multi-wall carbon nanotubes (MWCNT) 
were discovered early 1990s. Unique properties of 
nanotubes include not only phenomenal strength but 
also thermal and electrical conductivity based on the 
chemical structure [1,2]. Table 1 compares the 
mechanical properties of carbon nanotubes (CNTs) 
with other materials [3,4]. The most important and 
promising application of nanotubes seems to be in 
designing materials which are lighter, stronger, stiffer 
and possess various other properties which makes it 
suitable for a variety of applications especially in the 
transportation and energy. Thus, quite a large number 
of researchers in the past few years have come up 
with various methods of developing nanocomposites. 
Some studies have tried to include carbon nanotubes 
into metals [1]. However, the most important 
improvement seems to be the addition of nanotubes 
into polymers, especially epoxy polymer which is 
presently being used for fabricating carbon fiber 
composites [6,7]. The research has generally been 
towards eliminating the main two problems in 
developing high performance nanocomposites 
namely homogeneous dispersion of the nanotubes in 
the polymeric matrix and weak bonding between the 
nanotubes and the polymer matrix.  
These lighter, stiffer, stronger and functional 
polymeric nanocomposite materials experience 
environmental degradation (temperature, humidity, 
UV, etc.) where polymers (epoxies and hardeners) 
used for the nanocomposite manufacturing absorb 
UV lights and water, and cause photolytic, thermo-
oxidative and photo-oxidative reactions resulting in 
breaking of carbon-hydrogen bonds, internal and 
external stresses and polymer degradations. This 
process accelerates the aging and fatigue cracks, and 
reduces the overall mechanical properties of the 
nanocomposite materials [8-12].  
 In the present study, nanocomposite 
materials were prepared by individually combining 
inorganic nanoparticulates into polymeric matrices 
and then subjected to the moisture and humidity 
chamber tests. We determined the behavior of these 
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1054 150 1.4 
Multi wall 
nanotube 
1200 150 2.6 
Diamond 600 130 3.5 
Kevlar 186 3.6 7.8 
Steel 208 1.0 7.8 




2.1 Sample preparation  
 The MWCNTs were supplied by MER 
Corporation. The nanotubes were produced by 
chemical vapor deposition (CVD) with a purity of 
above 90%. The nanotubes have a diameter of 140 
+/- 30 nm and a length of 7 +/- 2 microns. 
Ethanol was used as the solvent as the epoxy 
polymers were found to have a good solubility in 
ethanol. A good dispersion was obtained when the 
ethanol completely evaporated from the mixture 
while magnetic stirring. Hence, based on the amount 
of ethanol added, the time required for it to evaporate 
completely (while stirring) varies. The mixing time 
was estimated to 18 hours for 15 g of solvent. The 
following are the steps followed for the preparation 
of the samples: 
1. Initially, samples of plain epoxy without the 
nanotube reinforcement were prepared for a 
reference. The ratio of resin to hardener used 
was 5:1. The resin and hardener were mixed 
in a beaker using a magnetic stir bar (Figure 
1). 
  
Figure 1: A hotplate (left) and vacuum chamber used of degassing. 
 
2. During the last 15 minutes of the stirring, 
the hardener was added drop-wise to the 
mixture. 
3. The resultant mixture were then cast into the 
open Al molds and cured for 48 hours to 
obtain rectangular specimens as shown in 
Figure 2. A releasing agent was used into 
the mold. 
4. The above steps were repeated for all the 
other reinforcements. 
5. For preparation of the nanotube reinforced 
epoxy samples, initially the required amount 
of resin, hardener, MWCNTs and ethanol 
for each configuration, were weighted 
separately. The nanotubes were dispersed 
into the ethanol using the magnetic stir-bar 
for about 30 minutes. 
6. The resin was then added drop-wise into this 
mixture. The mixture was then stirred till the 
ethanol evaporated completely, leaving 
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behind a mixture containing resin with well 
dispersed MWCNTs. The amount of 
evaporation of ethanol was periodically 
checked using the loss of weight of the 
mixture in the beaker.  
7. Two beakers, one containing the dispersed 
mixture and the other containing weighed 
amount of hardener, were placed in the 
vacuum chamber for 6 hours. The vacuum 
chamber was maintained at 22 in-Hg 
vacuum to remove all the gas in both resin 
and hardener (Figure 1). 
 
2.2. Testing 
The previously prepared samples were 
placed in an environmental chamber, cut into dog-
bone shape, and then subjected to uniaxial tensile 
testing. The various steps involved in the test sample 
preparation and testing were as follows: 
1. The rectangular samples after curing for 48 
hours were removed from the mold and 
checked for uniform thickness. 
2. The samples were then labeled indicating 
the sample number, MWCNT wt% and the 
amount of solvent used for preparation. 
3. The cured samples were then placed in an 
environmental chamber for 5, 10 and 15 
days. The samples in the chamber were 
maintained at temperatures 60°C, 80°C and 





Figure 2: Rectangular nanocomposite samples cast in an Al mold (left), and then placed into an 
 environmental chamber. 
 
 
4. Dog bone specimens were then obtained 
using the dog bone profile cutter (Figure 3). 
Usually, about 3 samples were cut at a time 
by stacking them together. In addition, two 
aluminum strips were added on each side of 
the epoxy stack to provide stiffness.          
5. The mid-point on the length of the reduced 
portion of dog bone samples were marked 
out to provide a reference for placement of 
the extensometer. 
6. The dog bone samples thus obtained were 
subjected to uniaxial tensile test using a Q-
TEST MTS tensile testing machine of 20 kip 
capacity, which was connected to a 
computer for data acquisition (Figure 3). 
The test speed was set at 1 mm/min and the 
data acquisition rate used was 10 Hz. The 
software used for setting the test parameters 
was Test Works 4, version 4.08 B.  
7. The strain measurements were done using 
MTS – 632-11F-20 extensometer with a 
gage length of 25 mm. 
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Figure 3: A dog bone profile cutter (left) and complete test setup used for tensile testing of nanocomposite 
samples. 
 
3. RESULTS AND DISCUSSION 
Figure 4 shows the tensile test results (MPa) 
of polymeric nanocomposite samples as a function of 
temperature and percent MWCNT inclusion. From 
the graphs, it is an evident that at room temperature 
there is an increase in the ultimate tensile strength 
with the increase in weight percentage of MWCNTs 
into the epoxy polymer. However, it is observed that 
as the stiffness of the epoxy increases with increase 
in reinforcement, the strain to failure reduces. Most 
part of improvement in UTS for the epoxy polymers 
is obtained with the addition of 1wt% of MWCNTs. 
Subsequently, although there is an increase in 
properties, it is not as large. This can be attributed to 
the dispersion of the low concentrations of MWCNTs 
and viscosity. As the temperature increased, the 
ultimate tensile strengths values of the 
nanocomposites were gradually reduced. This 
indicates that heat could cause the debonding and 
degradation on the nanocomposite samples. In the 
future, we will focus on bonding properties of CNTs 
and polymer chains at elevated temperature and 
humidity using various surfactants and polymers. 
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Figure 5 shows the elastic modulus results 
of polymeric nanocomposite samples as a function of 
temperature and percent MWCNT inclusions. The 
trend in the plots shows that modulus of elasticity 
increased at room temperature and then decreased 
with increase in temperature. When the temperature 
increases, electrons are in their excited state. This 
excited state of the electrons lowers the bonding 
strength. And with the decrease in the bonding 
strength, the material would become weak and easy 
to deform on the application of tensile forces. The 
phenomena can be seen near the glass transition 
temperature (Tg) of the polymers. Additionally, it is 
observed that 1.5% MWCNT reinforced epoxy 
polymer follows a different trend when compared to 
the other MWCNT percentages. This is because of 
the fact that the level of reinforcement increases, the 
viscosity of the mixture increases, too. Hence, higher 
forces or agitation time would be required for 
dispersion of the MWCNTs.  
 
Figure 5: Elastic modulus results of polymeric nanocomposite samples as a function of temperature and 




In the present study, we have prepared a 
number of MWCNTs based polymeric 
nanocomposite samples using solvent evaporation 
and agitation method, and then used them into an 
environmental chamber at various temperature and 
humidity. The experimental results showed that both 
the modulus and ultimate tensile strength of the 
epoxy increased with increase in the weight 
percentage of MWCNTs. However, both the modulus 
of elasticity and tensile strength decreased as the 
temperature in the chamber was increased. This may 
related to the debonding between MWCNTs and 
polymer chains. Elastic modulus and ultimate tensile 
strength may be increased by increasing the 
interaction between MWCNTs and polymeric resins 
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